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1. INTRODUCTION
Radar scatterometer measurements were taken by the National Aeronautics and
Space Administration (NASA) C-130 aircraft at 1500 feet above ground level as
part of the Agricultural Soil Moisture Experiment (ASME) near Colby, Kansas, on
July 18, 20, 21, and 22 and on August 8, 9, and 11, 1978. These data are a
measure of the efficiency of surface backscattering as seen from the sensor.
Four radar scatterometers were mounted on the aircraft: 0.4, 1.6, 4.75, and
13.3 GHz. Their location on the aircraft is illustrated in figure 1. Each
sensor collected data by looking aft with incidence angles between 5 0 and 500.
All angles were sensed simultaneously.
Soil samples from several layers were collected from preselected fields of
approximately 40 acres on each of the 7 flight days. These samples were
weighed, oven dried, and weighed again so that the moisture content of the
layers could be calculated. They will be used for comparison with the
scatterometer data.
The purpose of this report is to document a method of converting the scatterom-
eter computer-compatible tape (CCT) data into disk files, wherein each file
contains the date, the scatterometer data, and the ground reference position of
the data within the sampled field. This conversion is accomplished by execut-
ing three programs on the National Advanced Systems AS/3000 computer, located
in the Earth Observations Division Laboratory (EODL) in Building 17 at the NASA
Lyndon B. Johnson Space Center (JSC). A listing and discussion of each program
are given in this document.
2. REQUIRED INPUT DATA
As the plane flew down the flight line, the scatterometer data were recorded on
tape in analog form. The tapes were sent to the Sensor Analysis Laboratory
(SAL) in JSC Building 15. At the SAL, the analog data were subjected to a
Doppler frequency shift filtering which separated the data by incidence angle.
Then, the data were digitized and manipulated so that all incidence angles











































































In the case of the Colby ASME, the output CCT's from the SAL contain four files
for each sensor on each run over a flight line. Only files 1 and 4 are
required by the programs described in this document. The two files containing
sensor calibration and bandwidth information (fil?s 2 and 3, respectively) are
not usRd.
File 1 contains the aircraft's flight parameters. Each record in the file con-
tains the roll angle, pitch angle, drift angle, altitude, ground speed, and
true heading angle of the aircraft referenced by the Auxiliary Data Annotation
System (ADAS) time of measurement. New aircraft flight parameters were
measured approximately every six-tenths of a second. A listing of a sample
file is shown in figure 2.
File 4 on the CCT contains the scatterometer data. Figure 3 is a sample listinq
of this file. Each record in the file contains the backscatter coefficients, in
decibels, for approximately the same area as viewed from 10 different incidence
angles. They are referenced by the ADAS time when the aircraft passed over or
closest to the target area. If the drift angle is nonzero, the areas viewed at
various angles are unregistered and decorrelated.
A great deal of aerial photography was collected at the Colby test site.
Photographs taken at an altitude of 8000 feet were used to construct controlled
strip mosaics of each flight line. Additional aerial photography was acquired
as the aircraft collected scatterometer data at altitudes of 1000 and 1500 feet.
The acquisition time and the frame number of every photograph were recorded on
the analog data system. This made it possible to determine the aircraft's posi-
tion at the frame tii,es. ThE camera positions and frame numbers were plotted on
transparent overlays !+y the JSC Cartographic Technology Laboratory. Additional
overlays were made showing the location of the sampled fields in each flight
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The first program used to process the scatterometer data is a Fortran program
called SCAT. A listing of the program and its execute file are given in the
appendix. This program reads files 1 and 4 after they have been transferred
from the CCT to a disk. The program uses these data to compute the inter-
section of the aircraft's negative z-axis with the ground in a scene-based
coordinate system.
Three inputs from the terminal are requested by the program. The first input,
AMISS, is the northward distance (in feet) of the plane from the southern field
boundaries, if the flight line runs east-west, or westward from the eastern
field boundaries for north-south flight lines, at the beginning of the flight
line. The second input, YUP, is the crosstrack distance (in feet) that the
airplane's position is from the reference field boundary at the end of the
flight line. Figure 4 is a diagram of a flight line and shows the distances
represented by AMISS and YUP. Both distances are measured (in millimeters)
with the overlay on the strip mosaic. The final input re quested is called
CODE. It is a three-symbol numeric identifier for the day, sensor, and polari-
zation of the data. The codes used for the Colby ASME are shown in table 1.
Program SCAT creates two output files. One file contains the downtrack and
crosstrack locations of the airplane at each time that aircraft flight p3ram-
eters were available. The second output file contains the scatterometer data
and the location of the aircraft's negative z-axis intersection with the ground
with respect to the beginning of the flight line. The file also contains the
distance (in feet) of footprint decorrelation caused by aircraft drift. This



































































TABLE 1.- CODES FOR THE COLBY SCATTEROMETER DATA
Code Day, 1978 Sensor, GHz Polarizationa
199 - 7/18 13.3 VV
2 201 - 7/20 4.75 VH
3 202 - 7/21 1.6 HV
4 203 - 7/22 0.4 HH
5 220 - 8/08
6 221 - 8/09
7 223 - 8/11
aVV - vertical transmit and vertical receive,
VH = vertical transmit and horizontal receive,
HV - horizontal transmit and vertical receive, and
HH - horizontal transmit and horizontal receive.
3.2 PLOT
The second program, PLOP, is a Statistical Analysis System (SAS) pro gram. This
program reads the two files output by program SCAT and produces a printer plot
of the aircraft's ground track along with the corresponding 20 0 scatterometer
data. The plot is at the same scale as the strip mosaics. The 20 0 incidence
angle was chosen because it was Judged to be most responsive to row direction
effects. The advantage of this will be explained later in this paper. A por-
tion of the plot is shown in figure 5, and a program listing is given in the
appendix. At this point in the analysis, the scatterometer data are referenced
by the distance (in feet) down track and the distance from the southern or
eastern field boundaries, depending upon the direction of the flight line. It
Is necessary to know the ground reference position of the data within the
sampled fields. This is accomplished by using the overlays in conjunction with
the plot. Both overlays, one with photographic position and the other with
field boundaries, are placed on the plot in the following manner. First, a
time is found when the aircraft's flight parameters are available and when an
aerial photograph was taken. The time represented by each asterisk in the
flight path plot can be found by usino the exclamation points plotted along







































































































minute or a multiple of 10 seconds after the minute. Next, the overlays are
placed on the plot so that the photographic position from the overlay is on top
of the asterisk representing the same time. The solid line paralleling the
plot of the flight path should be even with the southern field boundaries for
an east-west flight or with the eastern field boundaries for a north-south
flight. Figure 6 is an illustration of the plot with the overlays in place.
The downtrack distance (in feet) of each field's closest boundary to the begin-
ning of the flight line is read from the plot. These distances, along with the
dimensions of the corresponding fields, are written in a separate file. This
file is used as an input to the next program.
When the procedure is carried out in the manner described above, a discrepancy
may become apparent. If the overlay and plot were registered at an extreme end
of the flight line, the overlay and plot positions will not necessarily corre-
spond at the opposite end. This is due to a lack of sufficient accuracy in
recording the airplane's flight parameters. Therefore, it is recommended that
the overlay and plot be registered at several points along the flight line.
The plot of the 20° scatterometer values is useful for a final, small
adjustment in the alonatrack direction.
The row direction of the fields can be determined from the aerial photography.
Since the 200 scatterometer angle is highly responsive to row direction
effects, knowledge of how the row direction changes from field to field can aid
in determining exactly which points fall in the sam pled field.
3..3 GRID
The GRID program reads in the boundary data file, along with the file contain-
ing the scatterometer data that was created by program SCAT. A listing of this
Fortran program and its execute file are given in the appendix. A separate
output file is generated for each sampled field within the flight line. Each
record in the file contains the distance (in feet) from the 30° footprint to the
northern and the western field boundaries, along with the corresponding scatter-
ometer data and decorrelation distance. The output files can then be combined



















































































































































































































































PROGRAM LISTINGS AND EXECUTE FILES
A listing for program SCAT and its execute file are provided in fi
A-2, respectively. The listing for program PLOT is given in figur
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THESE STATEMENTS ASK FOR AND READ INFORMATION FROM THE TERMINAL
MRITE(16.171)
161 READ ( FF1OR1 'gTAI(9INPUU





FbQ AT( I TYPE IN THE THREE NUMBER CODE FOR DAY/FRED/POLARI)








THESE STATEMENTS READ IN AND MANIPULATE THE AIRCRAFT DATA




















VKI%sss% .- - UpLCfY
OF POOR Q
FILE= SCAT	 FORTRAN A
	
CONVERSATIONAL MONITOR SYSTEM
READ ( 110.106 ) f 9F2•I INE•IRUN•IIOAY9POLAR
106	 FORMATIT T•A4•A •T6 • 2•T729I29T909I29T1109A2)
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00 1 I=1.5 1 0













PEE 1^ Mu PRO(I)*1.6878
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RACK ( I)=DRI1T( ) *HEAD
YUPaYIIP/( ET*SPEED(NUMBAC))
NNsNUM8AC•1
THESE STATEMENTS COMPUTE THE AVERAGE FLIGHT DIRECTION
NNsFLOAT(NN)
DO 14 KT; NN
14 
HAVGsHTOT/ANNCK(K)
THIS SECTION COMPUTES THE LOCATION OF THE AIRCRAFT
DO TGI=1•NUMAAC
T0s0 0
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ii= IF(SCATS(K).LT:ACSECCI*1)GGO TTO 33
IF(I.GT.NUMBAC)GO TO 203
GO TO 3 C
RANG ^RANA Z/R )-A S	
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X(K)w(ALOFF*RATIO) • TOTX(L- )
R(K)s(DCOFF*k ATIO)•DECORR(L-1)
X(K)aTOTX(L)*RATIO
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PAGE IS
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PLOT X •Ya #+# X+YT C=^l^ X +Y =^+•
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VAXIS=0 TO 40000 BY 1000
HS5PA : A V PACE2A
MPrF20	 0 3 50 7333
vat no 0 40000 BY 000
VP. Sa SO t
PROC PLOT DATA=PLOT t
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1I5





MaeFa0 3000 3150 7333




Figure A-3.- Computer listing for program PLOT.
A-6
.ORIGINAL PACIE M
FILE = GRID	 FORTRAN	 A OF POOR Q :-' .` - 'rx	 CONVERSATIONAL MONITOR SYSTEM
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00180OR
C
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00390
00♦0C
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M.IS THE COUNTER FOR INPUT FILE 10 ORGk
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FILE: GRID	 FORTRAN A	 CONVERSATIONAL MONITOR SYSTEM
IF(ILINE .GT.4160 TO 4S
THIS SECTION IS FOR LATITUDINAL FLIGHT LINES
EDGEn txWjgJ(M)-ARANGE)/2.0








C THIS SECTION IS FOR LONGITUDINAL FLIGHT LINES
4S E96E=(YWRI M)-ARANGEO /2.0
DO NsION
NUMsL—No1
X(N)s f X(XW; CATY NUM))







PREPARE TO WRITE THE OUTPUT FIL•^S
SS IUNITs10#M
WRITE OUT THE FIELDS COMPUTED IN THIS PROGRAM
00 22 KKs19NPTS
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OF P00R C[°:	 --y
FILE: $RID	 EXEC	 A
	 CONVERSATIONAL MONITOR SYSTEM
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Eg 10 &GOTO -SON
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sAEETA A (PERM RECFM F LRECL 64
NOT INOUGM FILEDEf I S IN EXEC
ERROR ENCOUNTEREO . I N DEFINING FILES
&TYPE L2 OUTPUT FILES HAVE BEEN DEFINED
GRID
5
Figure A-5.- Execute file for program GRID.
A-9
a
